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.  OBJECTIVE 

1.  To  collect  sea  snake  venoms. 

2.  To  investigate  chemical  properties  of  sea  snake  venoms  and  pure 
toxins  from  these  venoms. 

.  ACCOMPLISHMENTS 

A.  Sea  Snake  Collecting 

In  1967,  sea  snakes  were  collected  in  Japan,  Formosa,  Hong  Kong, 
Thailand,  Malaysia,  and  the  Philippines,  and  a  total  of  2,600 
sea  snakes  were  captured  In  1969,  we  captured  over 

7,000  additional  sea  snakes  in  Thailand,  Malaysia,  and  the  Philippines. 
1.  Thailand 

The  1967  collecting  period  was  July  1  to  July  10.  The  number 
of  snakes  captured  were:  68  Laps?. is  hardwicki i ,  11  Enhydrina 
schistose,  146  Aipysurus  eydouxi ,  1  Pel  amis  p';a  turns, 

Hydrophis  cyanocinctus  (data  missing),  Hydrophis  spiralis 
(data  missing),  H.  klcssi  (data  missing),  Kerilla  jerdooi. 

(data  missing),  Microcephelophis  gracilis  (data  missing), 
and  50  unknown  sea  snakes.  Some  false  sea  snake,  Acrochordus 
granulatus  were  captured.  Acrochordus  granulatus  is  a  non- 
poiscnous  snake  and,  therefore,  lacks  any  fangs.  It  is  reported 
that  they  are  found  in  rivers  and  estuaries.  However,  we 
found  many  of  A.  granulatus  in  the  ooen  sea  in  the  Gulf  of 
Thailand,  both  in  1967  and  1959.  Alpsysurus  eydouxi  was 
the  predominant  species  durinq  the  10  day  period.  Laoemis 
hardwicki i  was  the  second  most  abundant  sea  snake  in  the 
1967  collection. 

Enhydrina  schistosa  is  commonly  found  in  the  estuary 
in  central  Thailand  and  the  snake  moves  upstream  with  the 
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kok  area,  !E.  schistosa  is  most  abundant  during  the  dry  season 
(December  to  April),  when  sea  water  penetration  is  greatest 
due  to  the  low  water  level  of  the  rivers.  In  the  Bangkok 
area,  sea  water  can  reach  to  Phra  Pra  Dana,  which  is  3 
miles  south  of  Bangkok,  or  about  10  miles  from  the  river 
mouth.  Fishermen  there,  have  reported  catches  of  about  1000 
sea  snakes  per  night  during  the  dry  season.  An  attempt  was 
made  to  collect  the  sea  snakes  in  the  same  spot  ir,  June  1967, 
but  cnly  two  small  E.  schistosa  and  three  A.  granulatus 
were  caught  in  one  day. 

In  1S59,  the  collecting  was  made  about  10  miles  off 
the  east  coast  of  the  Kra  Isthmus  with  trawling  nets  attached 
to  trawlers.  Species,  and  number  of  sea  snakes  captured 
are  summarized  in  Table  1.  The  data  obtained  free  the  1969 
collecting  are  statistically  more  significant  than  that  of 
1957,  as  a  longer  period  of  time  was  spent  for  the  collection, 
which  was  from  July  3  to  Auoust  13,  !?59.  Since  a  large 
number  of  sea  snakes  were  captured,  the  distribution  of  each 
species  can  be  fairly  accurately  projected  for  the  summer 
period.  Of  the  5,3C6  sea  snakes  captured,  4 , 3**5  were 
Lapemis  hardwirkii,  which  accounted  for  32  per  cent  of  all  the 
snakes.  The  next  coss^on  species  vras  fiipysurus  eydouxi, 
which  accounted  for  4.5  per  cent.  Again  large  numbers  of 
Acrochordus  granulatus,  (185)  were  captured  in  the  open 
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sea.  This  is  the  only  nonpcisonous  snake  captured  in 
the  sea.  Contrary  to  the  reported  record,  A.  granulatus 
can  live  in  salt  water.  It  may  be  that  the  snake  possesses 
a  salt  gland  so  that  it  can  survive  in  a  high  tonic  environment- 
Pelanis  platurus  is  very  rare  in  the  Gulf  of  Thailand. 

Out  of  a  total  of  nearly  6,000  sea  snakes  captured  in 
1967  and  1955  in  Thailand,  only  one  was  P.  platurus. 

Contrary  to  the  report  of  the  P.oyal  Thai  ?iavy,  no  genus 
of  Laticauda  was  found  in  Thailand.  Sea  Snakes  reported 
to  he  Found  in  Thailand  and  by  the  Royal  Thai  Uavy  are: 

Lapesris  hardwickii,  L.  curtus,  Enhydrina  schistose,  Thalass- 
sphis  viperina.  Astro ti a  stokesii,  Kicrocephalophis  gracilis, 
Kerilia  jerrionii,  Pel amis  platurus,  Laticauda  laticauda ta 
affinis,  L-  colubrina,  L .  sesifasciata,  Esydocephaius 
iaisrae,  Hydrophis  spiralis,  H.  cyanccinctus,  H.  ornatus,  and 
H.  saelanccepialus.  The  sea  snakes  in  tr.e  Gulf  of  Thailand 
reported  by  Taylor  are:  Laticauda  colubrina,  L.  laticauda ta, 
Aipysurus  eydouxi ,  Kerilia  jerdoni ,  K.  jerdrr.i  siamensis. 

Astro tie  stckesii,  Kolpoohis  annandalei,  Thalassophis 
viperina,  Enhydrina  schistose.  Pel  arris  platurus,  Lapesis 
hardwickii,  Hydrophis  cyanocinctus,  H .  ornatus,  H .  caerulescens, 
H.  torpuatus,  H .  torcuatus  diadsa,  H.  kosii,  H.  fasciatus, 

H.  brooki,  and  H.  tamil  laris. 

2.  Philippines 

In  1957  and  1969,  we  collected  sea  snakes  inside  the 
caves  of  Gate  Island.  Inside  the  caves,  there  was  a  large 
number  of  sea  snakes  on  the  surface  of  the  water  in  rock 
crevices  in  the  water,  and  on  the  rock.  Sea  snakes  were 


captured  by  skin  diving  inside  the  caves.  There  were 
two  species  in  this  area.  Ofie  was  Laticauda  sgaifasciata 
and  the  other  was  Laticauda  colubrina.  SCO  L.  sesifasciata 
were  captured  in  1567  and  600  in  1969. 

Sea  snakes  present  in  the  sea  of  Philippines  reported 
by  Taylor  are:  Aipysurus  eydeuxi ,  Laticauda  laticaudata, 
Laticauda  colubrina,  L .  sesifasciata,  Hydrophis  fasciatus, 

H.  ornatus,  K.  cyanocinctus,  H.  ornatus,  Lapgsis  hardwickii, 
and  Pelaais  platurus.  Specir-ens  in  the  National  Jfessun, 
Manila,  observed  by  the  author,  were  Hydropnis  fasciatus, 

H.  spiralis,  Pelaais  platurus,  and  La penis  hardwickii. 

Sea  snakes  identified  fros  the  specimens  collected  by  Alaban 
Serua  and  Vaccine  Laboratories  were  Lapesis  hardwickii, 
Hydrophis  fasciatus  atriceps. 

3.  Malaysia 

In  Malaysia,  sea  snakes  were  captured  in  the  Strait 
of  Malacca,  near  Penang  Island  by  setting  fish  traps,  which 
were  irrrersed  in  the  water  for  12  hours.  Usually,  at  least 
one  snake  was  caught  in  each  trap.  The  variety  of  sea  snakes 
captured  was  very  siailar  to  the  ones  we  obtained  in  Thailand. 

Sea  snakes  present  in  the  coastal  water  of  Sarawak 
(in  Borneo)  are:  Laticauda  laticaudatus,  L.  colubrina, 
Aipysurus  eydouxi,  Kerilia  jerdoni,  Enhydrira  schistose, 
Hydrophis  cyanocinctus,  H.  spiralis,  H.  selarosorana,  H. 
caerulescens,  H.  torpuatus,  H.  brookei ,  H.  fasciatus, 
Thalassophis  aroaalus,  Lapesis  hardwickii,  Kicrocephalo- 
phis  gracillis,  Pelaais  platurus,  and  Praescutata  viperina. 
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4.  Other  Areas 

The  cost  coses on  sea  snake  in  the  vicinity  of  Kong 
Kong  is  Hydrophis  cyanocinctus,  which  accounts  for  70S 
of  all  the  sea  snakes  captured  by  fishermen  in  Hong  KOng. 
Otter  sea  snakes  frequently  captured  are:  Hydrophis  oraatus 
ornatus,  Kicrecephalophis  gracilis,  Pelanis  pi a torus 
and  Praescuta ta  viperina. 

In  tte  s»jiEer  of  1967  collection,  Hydrophis  cyanocinctus, 
H .  ornatus,  Pelasis  platurus,  Hicrocephatophis  gracilis, 
Lapesis  hardwickii,  and  one  unknown  species  were  captured. 

In  1957,  we  collected  600  Pelanis  platurus  ires  the 
northern  coast  of  corsosa.  In  southwestern  Fornosa,  we 
obtained  a  large  natter  of  genus  Hydrophis,  however,  no 
venon  was  extracted  as  there  were  too  sany  different  species 
and  subspecies  within  this  genus,  which  Bade  proper 
identification  very  difficult. 

In  Asani  Island,  Japan,  we  obtained  500  Laticauda 
segifasciata.  Comparison  to  those  of  Philippine  origin  is 
cade  later  in  this  manuscript. 

B.  Toxicol egy 

In  general,  venoms  of  sea  snakes  are  sore  toxic  than  those 
of  land  snakes.  The  LDjq  in  eice  by  I.V.  is  listed  in  Table  2. 

Tfte  quantity  of  veroc  that  can  be  obtained  fros  sea  snakes 
is  cuch  sailer  than  tte  aeount  that  can  be  obtained  fees  land 
snakes.  The  yield  of  venoa  frees  sea  snakes  collected  was  fres 
0.6  to  19  og  per  snake. 
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Chemistry 

1.  Comparison  of  Venom  from  Sea  Snake  and  Land  Snake 

Recent  studies  have  shorn  that  venom  from  the  snakes  of 
the  family  Hydrophiidae  are  isjch  simpler  in  composition  than  the 
venom  of  the  land  snake. 

isoelectric  points  cf  sea  snake  venos  toxins  are  very 
basic;  they  are  all  around  or  above  9,  while  that  of  a  land  snake, 
A.  rhodostosa,  has  an  isoelectric  point  of  about  7.0. 

2.  Isolation 

Since  all  snake  vencss  contain  a  rather  large  number  of 
proteins,  purification  is  achieved  by  sore  than  two  step  column 
chromatography.  Toxins  were  isolated  either  using  the  ccsiinaticn 
of  Sephadex  G-50  and  CM-cellulose  Chromatography  or  repeating 
use  of  CJ¥-cellulose  with  a  different  buffer.  Venoms  used  for 
isolation  were  Laesais  hardwickii  frca  Thailand,  Laticauda 
seBifasciat3  from  the  Philippines,  and  Enhydrira  schistosa 
free  Malaysia.  Phospholipase  A  was  isolated  free:  vents  cf  l. 
ssmifasciats  from  feeni  Island,  Japan,  by  a  tso  step  purification 
utilizing  CK-cellulose  and  OEAE  column  chromatography. 

3.  Criteria  of  Furity 

In  each  preparation,  3  or  A  of  the  fol losing  cethods 
were  used  to  confirm  the  purity  cf  isolated  toxins  cr  the 
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enzyse. 


a.  Sedimentation  pattern  in  analytical  ul tracentrifuge. 

b.  Polyacetate  electrophoresis  at  different  pH  values. 

c.  Isoelectric  focusing. 

d.  Rechrosatography  in  coltpui. 

2 

a.  Straight  line  i.:  the  plot  of  log  C  against  r  in  sedimentation 
equilibrium. 


7 


f.  Crystallization 

4.  Physical  and  Chemical  Properties 

Physical  and  chemical  properties  of  isolated  toxins  and 
phospholipase  A  are  summarized  in  Table  3. 

The  toxins  contain  a  total  amino  acid  residue  of  either 
61  or  62.  The  phospholipase  A  consists  of  108  amino  acid  residues. 

Molecular  weights  of  toxins  and  phospholipase  A  were 
determined  by  a  combination  of  s  and  B,  data  from  sedimentation 
equilibrium,  amino  acid  composition,  or  quantitative  Sephad&x 
elut.ion  method.  These  results  are  summarized  in  Table  4. 

End  group  analysis  indicated  that  there  is  a  histidine 
at  the  ani no- terminal  and  aspartic  acid  or  asparagine  at  the 
carboxy- terminal  for  the  toxin  of  lapessis  hardwlckii  venom. 

For  toxins  a  end  b  of  Laticavda  sesifasciata  venc-c  from  the 
Philippines,  the  arri no- terminal  is  arginine  and  the  c -terminal 
is  aspartic  acid  (asparagine). 

Aairc  acid  compositions  of  purified  toxins  and  phospholipase  A 
are  sussarized  in  Table  5.  All  toxins  contain  8  soles  cysteine, 

S  zaoles  glutamic  acid,  1  sole  each  of  tryptophan,  leucine,  and 
tyrosine.  It  is  remarkable  that  there  is  a  ccaraon  raster  of 
residues  for  certain  amino  acids  regardless  of  geographical 
origin.  Other  econo  acid  compositions  are  alsc  resarkably  similar. 
Only  the  toxin  iron  Lapeais  hardwickii  contains  methionine, 
fc ainp  acid  c exposition  of  phospholipase  A  is  quite  different 
frosa  those  of  other  toxins. 

5.  Chemical  Modification 

The  trypiophan  residue  was  chemically  ©odified  using  a 
specific  reagent,  «’-brcc©succiniaids,  cn  toxins  isolated  from 


the  venoms  of  Laticauda  senifasciata,  Er.hydrina  schistosa, 
and  Lapanis  hardwickii.  These  toxins  contain  only  one  mole 
of  tryptophan  residue.  After  the  modification,  the  toxicity 
disappeared  completely.  Two  other  reagents,  2-nitrophenyl- 
sulfenyl  chloride  and  2-hydroxyl -5-nitrobcnzyl bromide,  were  used 
for  the  modification  of  tryptophan  residue  of  the  toxin  isolated 
from  the  venom  of  La penis  hardwickii.  Toxicity  of  the  toxin 
disappeared  agian  on  modification.  It  is  thus  concluded  that 
the  tryptophan  residue  is  important  for  toxic  action. 

In  contrast  to  tryptophan,  the  modification  of  the  majority 
of  raginine  and  lysir.e  residues  did  not  alter  the  toxicities 
of  toxin  a  and  b  of  Laticauda  senifasciata  venos.  The  result 
of  chemical  codification  of  sea  snake  venoa  toxins  is  summarized 
in  Table  6. 

6.  Absence  of  Enzyse  in  Purified  Toxins 

The  venos  of  Z.  schistosa  contains  a  «=s±er  of  enzyses. 
Sixteen  substrates  were  used  to  test  various  enzyse  activities. 

The  venca  shows  the  following  enzyse  activities:  clotting 
activity,  hyaluronidase,  alkaline  phoseftatase,  phosphodiesterase, 
deoxyribonuclease,  aeetylcholincrsterase,  and  leucine  a^i no- 
peptidase.  However,  the  verasa  dc-es  not  contain  such  enzyse 
activities  as  rshcrryclease,  acid  phosphatase,  esiro  acid  esterase 
(with  K-fcenroyl-L-arginine  ethyl  ester,  S-fcenzcyl -L-tyrosine  ethyl 
ester,  p-toluenssuifoniy-L -arginine  eethyl  ester,  and  a cetyl -L- 
tyrosine  ethyl  ester  as  substrates),  and  proteases  (with 
casein  acd  hemoglobin  as  substrates).  JJCne  of  the  stove 
enzjpes  are  found  in  purified  toxins. 

7.  Properties  of  Phospholipase  A 

8 y  using  ovolecithin  of  known  cofcpositicn  in  the  1  and  2 


positions,  the  enzyse  is  shown  to  be  specific  for  the  2  position 
liberating  ns  inly  unsaturated  fatty  acids. 

Of  the  substrates  tested,  only  phospha tidy choline  was 
hydrolyzed.  Of  the  two  phosphatidycholines  t*3  ted,  ovolecthin 
was  hydrolyzed  at  a  such  to re  rapid  rate  than  the  synthetic 
lecithin  containing  only  the  saturated  fatty  acid,  palaitic 
acid.  All  ether  substrates  tested,  nasely  phosphatidyl  ethano- 
lasine,  phosphatidyl -L-serine,  phcspharidyl  inositide,  phospha t- 
idic  acid,  lysoleeithin,  sphingccyelin,  cerehroside,  arsd  cardio- 
lipin  were  not  hydrolyzed.  The  enzyme  was  sacs*  active  at  pH  8.9, 
and  at  temperatures  between  35  and  40°.  The  activation  energy 
calculated  frcs>  Arrhenius  plot  is  6,900  cal  per  7-ole. 

The  enzyne  exhibited  hero  lytic  activity  which  was  greatly 
intensified  by  the  addition  of  lecithin.  The  purified  phospholipase 
A  was  ftjntcxic,  nonhenorrhagic,  and  exhibited  only  slight  syolytic 
activity.  It  was  round  that  phospholipase  A  ev  en  in  presence 
of  ovolecithin  had  very  lettle  effect  on  the  Eeuse  esfcryo  cells 
in  tissue  cultures. 


0.  laeanelc-gy 

neutralization  capacity  of  ccas^-ica;  antivenir.  (Cccncn- 
wealth  Senas  Laboratories,  Kelfcoume,  Australia)  in  vitro  w3S 
tested  against  hoeologcus  and  heterolcgous  venoss.  The  antivenir. 
was  not  only  effective  for  homologous  veo-jn,  but  it  also  effectively 
neutralized  3  heterolcgcus  verses  tested.  One  si  of  serua  neutralized 
176  tiaas  the  LB-g  value  for  its  own  veness,  1£G  LB-g  value  for  Pelaais 
platurus  vents  free  Forncsa,  120  LD^g  value  for  the  vencss  of  Hydro  phis 
cyanocinctus  fros  Kalaya  and  lapwis  hardwickii  free  Thailand. 


Table  1 


Record  of  Sea  Snake  Collecting  in  Thailand 
From  July  3  to  August  13>  1969 


Snake 


Number 


Laoemis  hardwickii 


4305 


Aipysurus  eyaouxi 
Hydrooni s  cyanoc inc  tus 


Hydroohis  ornatus 


Enhydrina  schistose 
Kerilia  jerdonii  siamensls 
Preescutata  \?lperina 
Hicrocephalophi3  gracilis 
Thalassophis  anonalus 
Chknovn 

Acrochordu3  granule tU3 
inon-poiscnouF] 


TOTAL 


5306 


II- 


Table  2 

Yield  and  Toxicity  of  Sea  Snake  Venoms 


Yield  LDc-n  Year 

Venom  Origin  ( mg/ snake ) (\ig/£)  Collect- 
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